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Figure 1-1 Research progression 
 










Figure 2-1 The lungs 

Figure 2-2 The epithelium 
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Figure 2-3 A rigid bronchoscope 
 
 
 
Figure 2-4 A flexible bronchoscope. (A)the head comprising light source, lens and working 
channel (B)the tool channel port (C)the control (D)the eye piece 
 






Figure 2-5 Transfecting cells 

Figure 2-6 The Gene Gun Licensed and manufactured by Bio-Rad Inc. 
Figure 2-7 (A) Nucleofector Cuvette (B) Nucleofector Device, by Amaxa Inc 
 
 
 
Figure 2-8 Nanoparticle generator by Nanocopoeia Inc 
Figure 2-9 Endoscopic spray catheter by Trudell Inc 

Table 2-2 Summary of vectors for delivering DNA, siRNA and Protein 
Figure 3-1a Typical electrospray configuration. Fluid has surface tension T and conductivity  
 
Figure 3-1b A graph showing journal papers annually with electrospray in the title  
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Figure 3-2 (a) The end of the capillary under no flow or electric field. (b) No flow, electric 
potential applied V < Vonset of electrospray. (c) Curvature of the surface about the axis tends towards 
zero radius. Photographed by the author 
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Table 3-1 Electrospray parameters 
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Figure 3-3 (a) Dripping Mode  (b) Micro dripping mode    (c) Pulse-jet mode (d) Cone-jet mode 
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Figure 3-4 Typical point to plane geometry of electrospray setup  
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Figure 3-5 Electrospray model diagram 
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Table 3-4 Electrospray Reported Parameters 
T 3 2
V0
2 T
73 10 3
1.2 10 4
Figure 3-6 Arrangement of two electrospray sources of opposite polarity to neutralise the charge on 
the electrospray for drug delivery from US Patent 5915377. Reservoir (20) Tubing (21) Fluidic earth 
connection (22)  HV supply+/- (23) Glass capillary (24)  
 
Figure 3-7 The TSI electrospray generator based on Pui, Chen et al (1995) 
Figure 3-8 Diagram of liquid comminution device (Davies 2005) 

Figure 3-9 Cell spraying setup (Sahoo, Lee et al. 2010) 

Figure 3-10 Electrospray path (Wilhelm 2004) 

Figure 3-11 Multi spray stability emitter (Duby, Deng et al. 2006) 


Figure 3-12 Current pulsations X-axes in seconds, y-axes in nA (Paine, Alexander et al. 
(2007a) 
Figure 3-13 Trichel pulsations caused by oscillations in ionised air (Loeb, Kip et al. 1941) 
 
Figure 3-14 Self starting and self tuning electrospray system 


Table 3-5 Summary of sensible values for independent electrospray variables 







Figure 4-1 A model of the lungs illustrating the challenge in treating them (Tawhai, Pullan et 
al. 2000)  


Figure 4-2 Hydrostatic pressure in the proposed device can rise and fall.  
Figure 4-3 An early concept sketch of the electrospray device (M.Maguire) 
Table 4-2 Electrospray rig system components  


Figure 4-4 Diagram of a glass capillary holder. The Ag wire can make a pressure fit with the 
outside diameter of the capillary. For highly conducting fluids, it can be inserted into the feed end of 
the capillary. (World Precision Instruments Catalogue, 2010) 

Figure 4-5a System diagram of rig 
Figure 4-5b Photograph of rig in laminar flow unit 
Table 4-3 Biological electrospray solutions 
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Table 4-4 Solution Characteristics 
Figure 4-6 Predicted relationship of emitter-plane distance and V0 
μ
μ
Figure 4-7 Voltage – Current relationship for buffers at h=10mm 
μ
Figure 4-8 Current and emitter - Counter electrode distance relationship  
Figure 4-9 Interrelationships of Current, V0 and distance 
Figure 4-10 Functional diagram of controller 
Vc = KpIe + KI Iedt
Figure 4-11 Reaction curve.  
Table 4-5 PI controller tuning constants 
Figure 4-12 Open loop response curve for electrospray system 
Figure 4-13 Ziegler Nichols tuning parameters calculated from the graph 
Vc = 4.602Ie + 3.624 Iedt
Figure 4-14 Image of electrospray in cone-jet mode. The colour spectrum within the spray 
indicates its monodisperse nature (Pantano, Gaón-Calvo et al. 1994).  
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Figure 5-1 Design concept for bronchoscopically mediated electrospray  
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Figure 5-2 Drawing of a bronchoscope  
Table 5-1 Fluidic pumping schemes 
 
 
 
Figure 5-3 The schematic drawing shows some of the different components that will be 
required in the design 
Table 5-2 Pressure to flow parameters 

Figure 5-4 Engineering drawing of the proposed device 
Figure 5-5 3D Rendering of the finished electrospray device design 
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Item Part No Description______________________ Qty Material_________________
1 ELECTROSPRAY_BODYElectrospray body 1 Stainless steel 316L
2 HEAT_SHRINK Heat shrink 1 FEP
3 SS_CAPILLARY SS Capillary 1 SS 304
4 WIRE_CRIMP_TUBE Wire with crimp and tube 1 SEE BOM
SCALE  7.500
SCALE  7.500
 1 
 2 
 4 
Stainless steel crimp attached to end of wire
makes electrical connection with inner
diameter of body.
Structural adhesive may be used
here if a gas-tight seal is not made 
between the heatshrink and the 
feed tube.
Internal volume 14ul
Figure 5-6 Photograph of the fabricated device 
Figure 5-7 Drawing of the capillary or nozzle supported by electrical epoxy 
Table 5-3 Device Assembly Steps 
Figure 5-8 Counter electrode configurations 
 
 
 
Table 5-4 An initial shortlist of solutions that can be used with the proposed system 
 
 
 
 
Table 5-5 Comparison of new device with existing glass and steel capillaries 
 
 
for emitter diameters (Flow rate 3μl min
-1
) 
Figure 5-9 Electrospray phase with electrospray current 
Table 5-6 Electrospray phases 

Figure 5-10 Taylor cone angle measured for TRIS, 1% Acetic acid 
 
 
Table 5-7 Taylor cone angles measured in cone-jet mode for different solutions 



Figure 6-1 DNA retains integrity after spraying 
 
 
 
Figure 6-2 Flow Cytometry results. Purple graph represents control untransfected cells, Green 
represents positively transfected cells with increased fluorescence (GFP) as indicated on X-axis, 
corresponding to 67.5 % cells transfected (Reading in accompanying printout from the machine). 
Table 6-1 Transfection rates with open loop control 
Figure 6-3 Graph of transfection rates with the emitter in open loop mode. 15 transfections are 
shown 
Figure 6-4 Graph of transfection rates of GFP into Human Cells Mean value is 33% GFP 
transfection 48h following controlled electrospray 
Figure 6-5 Viability of cells was not significantly affected by electrospray.  DLKP-SQ retained 
their capacity to adhere to plastic following electrospray (A).  No significant loss of viable cells was 
observed (B).  Viability was assessed by counting with ethidium bromdie acridine orange (EB/AO).   
Results are representative of three experiments. 
Figure 6-6 (A) DLKP-SQ were stained with Annexin V and propidium iodide to assess 
apoptotic/necrotic cells.  (B) No significant increase in apoptotic cells was observed following 
electrospray.   
Figure 6-7 Images of fluorescence of cells transfected with electrospray. Images taken with the 
fluorencence microscope in the epithelial immunology laboratory, NUI Maynooth. 
Figure 6-8 Images of cisplatin delivered with electrospray device 
Figure 6-9 HPLC demonstrating that cisplatin entered the cells 
Figure 6-10 Cisplatin at low concentration is effective at killing cancer cells. 
Figure 6-11 (A) E-cadherin is not expressed in control cells. (B) E-cadherin is detected in cells 
following electrospray. (C) Molecular weight ladder.  
Figure 6-12 a) Samples of pig trachea in PBS. The electrosprayed sample on the right is stained. 
b) Dropped on methelyne blue dye washes off easily c)Electrosprayed methylene blue stains pig 
trachea ex vivo 

 
Figure 6-13a Bronchoscope is placed in lobe. 
Figure 6-13b Electrospray emitter is introduced through working channel. 
Figure 6-13c Electrospray process spraying the upper surface of the lobe 
Figure 6-13d The electrospray head is withdrawn and the methylene blue remains on the upper 
surface of the lobe. 





Figure 7-1 An endotrachial cuff to prevent blowback (Adapted from Covidien Respiratory 
Catalogue 2010) 
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